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SECTION I INTRODUCTION

The Keithley Model 510 Megohmmeter utilizes a unique logarithmic circuit
to present six decades of resistance on a sixw-inch mirror-scale panel
meter., With so great & dynamic renge, range switching is nol necessary,
and the speed and ease of meesurement are greatly increased.

Because of the logarithmic scale, the usual high-end scale compression of

8 conventional ohmmeter is eliminated. An accuracy within 1% of the scals
length is maintained at every point on the scale; this is equivalent to an
accuracy of about 10% of the resistance being measured. It 1s limited only
by the meter accuracy, and is about as good as conventional me gohmme ter
circuite at mid-scale, but superior to conventicnal circuits at other than

mid-scale meter readings.

Test potentials of 5, 50 and 500 volts are furnished. They are useful in
measuring voltage ccefficients, and offer freedom in selecting a safe
potential for all test samples,
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SECTION IT

MODEL 510 SPECIFICATIONS

Range and Test Potentials:

Test Potential . Resistance Span
5 volts 107 to 1013 ohms

50 volts 108 to 1014 ohms
500 volts 109 to 10'° ohms

ACCURACY: within 1% of scale length, uniform over the entire scale.
After 8 1%.minute warmup, calibration drift is negliglble over an
eight-hour period.

KEQULATED TEST VOLTAGES: Regulation within 0,01% for line voltege
changes from 100 to 130 volis.

OPERATING CONTROLS are the Test Potential-Calibrate Switch and a three-
position lever switch, Tegt-Charge-Discharge. The lever switch allows
discharge of capacitors, quick charge, and pre-electrification when
desired.

PROTECTIVE FEATURGS: All test potentials are removed when the operating
switeh is in the discharge position. Similarly, & switch is included in
the test fixtures {Models S10L and 5102) that automatically grounds all
electrodes when the cover is raised. The instrument cannot be damaged
by short circuits.

ACCESSCRIES SUPPLIED: Model 51036 Test Leads, 36 inches long, separate

Hi and ground leads terminated in alligator clips. The leadg are useful
for tests up to, ghout 102 ohms with a 5-volt potentiel, 1013 chms with

50 volts, or 101% ohms with 500 volts, For higher readings, the 5101l or
5102 adapters should be used.

ACCESSORIES AVATLABLE: Models 5101 and 5102 Test Adapters; Models 51024
and 51060 Cables,

CABINET is aluminum, 6-5/8'x 103" high x 123" desp. Net weight, 163 pounds.

T -1
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CIRCUIT DESCRIPTION

The Model 510 Megohmmeter consists of a regulated voltage supply which
provides 5, 50 and 500 voli test potentials, and & logarithmic micro-micro-
sumeter which meters the sample current., The panel meter reads ohms directly.

eahi—— +( I )“ Figure 510-1 showe & simplified diasgram

7 “m“j”“““ of & resistance measguremsnt using the 510.
Hi - : The positive terminal of the test potential
UARD —1 18 grounded and the negative terminal is ap-
Rx =~ plied to the unknown specimen through the

+ micro-microammeter. The volitage drop across
GND the input of the micro-microammeter Is small
- HGURE 5101 conpared to the test potentlal, Uslng the
negative terminal of the voltage supply as a
shield around all high impedance input leads to the micro-microsmmeter assures
negligible error due to leakage across the input terminal insulatlion. The

method is called guarding and the negative terminal of the supply 1s referred

to as the guard potential.
FLOATING
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FIGURE 510-2

Filgure 510-2 15 a simplified diagram of the micro-microammeter used In
the Model 510.

The following circuit description refers to DR 11504-C in MAINTENANCE,
Section IV,

The power supply comprises a Sola regulating transformer, a rectifier-
filter system and a two-stage electronic regulator. Selenium rectifiers SRS
through SR9 provide a half wave rectified output which is filtered by RLOL,
cho2 and c403. RUCR and R403 are used to equalize the voltage across the
gerles capaciltors.

Following the filter is an electronic regulator employing V6 as a series
tube and V7 and V9 as a two stage amplifier. V9 acta as the error detector.
The cutput of the 500 volt supply, divided down by RW15, R41l, and RL1O, is
compared to voltage reference tube V8, RULL is used to set the test poten-
tial at 500 volte. 50 and 5 volt test potentials are obtained from the
divider consisting of R415, Ri4ll, RL13 and RA12.

The micro-microammeter consists of shunt diode, V1, and an electromster
amplifier which measures the potential across diode V1. This potential ia
proportional to the logaritlm of the current through the dlode. The grid
and filament of V1 act ag the dlode. The electrometer amplifier consistes of
two 5886 tubes, V2 and V3, operated as pentodes followed by Vh a 12AU7
twin tricde differentlal amplifier. ILocal feedback from the triode cathodes
to the pentode screens stabilizes the operating point of the electrometer

IT -2
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tubes. Overall negative feedback from the 6CL output cathode follower, V5,
to the electrometer tube filaments stabilizes the amplifier gainm. The
power supply for the micro-microammster is derived from the Sola trans-
former through transformer T2 end utilizes conventional rectifier-filter
systems,

_ The megohmmeter is calibrated by means of R128 and R129 on SW3. With
107 ohms in the circuit (RL27), the meter is set to 107 ohms by adjusting

diode bias with RL06. Subsequently the meter 1s set to 1011l ohms by adjust-
ing amplifier gain with R124. Occasionally amplifier balance rghould be

checked by turning SW3 to 1x, 10x or 100x position with the lever switch
in DISCHARGE. Under these conditions the panel meter should read 107 ohms.
If adjustment is necsssary, RL15 is used,

SECTION ITI OPERATION

The Model %10 Megohmmeter is shipped with the Model 51036 Test Leads. To
use this combination for measuring resistances, the following procedure
should be followed:

a. Plug the power cord into 110 volts 60 cps ac. A Sola constant volt-
apge pover transformer is used in the Mcdel 510, and its proper functioning
depends upon a constant power line frequency of 60 cps. A 50 cps model is
available,

b, Turn the Test-Charge-Diecharge switch to Discharge.

¢. Turn the Calibrate-Test Potentisl switch to Calibrate, 107 ohms.

d. Turn the power switch to ON, and wait a minute or two for the tubes

to reach operating temperature.

e. Set the Cal 107 potentiometer located on the panel under the meter,
so the meter reads exactly 107, ‘

f. Turn the Calibrate-Test Potentisl switch to Calibrate 101} ohms.

1y & Adjust the Cel 1011l potentiomster so that the meter reads exectly
10+,

h. Connect the test leads to the Megohmmeter by fastening the connector
end to the input connector on the front panel. Clip the free ends to the
unknown resistance. The small, flexible wire is at ground potential. The
larger coaxial cable is the pguarded HI lead.

i. Turn the Calibrate-Test Potentilal switch to apply the desired po-
tential to the unknown resistance,

J. Switch the Test-Charge-Discharge switch to Charge, and then to Test.
The nature of the unknown determines the length of time to remain in the
Charge position. If there is little capacitance (0.1 mfd or less) across
the unknown resistance, a second or so is long encugh; greater capacitance

IIX -1
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will require a longer wait. The Model 51036 Test Ieads employ a capacltor
to reduce the effects of 60 cps pickup, which slows the response appreciably
when measuring resistances above about 10+ chms. Some resitance apecifi-
cations require an "electrification time", which ig the interval between
applying the test potentlal and reading the resistance. The ASTM pamphlet,
included in this Manual, discusses this in detall. The electrification time

is measured from the time the Test-Charge-Discharge switch is moved from
Discharge to Charge.

k., After measuring, retwrn the Test-Chargs-Discharge switch to Discharge.
The instrument 18 now ready for the next test specimen. With the switch in
the Diacharge pesition, all testing conductore are at ground potentlal, so
that speclmene can be changed without danger of shock to the operator,

After the Instrument has been connected, turned on, warmed up, celi-
brated, and the test voltage selected, the operating procedure for measur-
ing a number of resistances is very simple. Just connect the unknown to the
test clips; turn the Test-Charge-Discharge switch to TEST; read the meter;
return the switch to DISCHARGE: and then change to & new unknown resistor.

1. After the instrument has been operating for about five minutes, it
gshould be realigned to eliminate the effects of warmup drift. After this
hag been done, no more callbratione should be necessary during the following
elght hour period.

m. To rebalance the amplifier, set the Calibrate-Test Potential switch
to 5 voltse, and the Test-Charge-Discharge switch to Discharge. Then adjust
the Amp. Bal. potentiometer, on the left gide of the cablnet, so that meter
resds 10/. This adjustment is required only every month or so.

The operating procedure 1s the same for test leads, fixtures, or the
Eelthley 5101 or 5102 Adspters. A wilde variety of speclalized setups 1s
discussed in the Appendix,

When designing speclal testing fixtures, leads, or electrodes, provision
mist be made for gperating the relay in the Mcdel 510 to remove the short '
¢lircult at the input of the micro-microammeter. Pins 2 and 3 of the connector
carrying the cable from the unknown to the Model 510 input can be Jumpered
in the comnector, or a swltch to connect them can be made a part of the
gpeclal fixture, following the design of the switch in the Models 5101 and
5102 adapters. .

9 Reading the Meter: Fig. 510-3 is an enl rged
W pketch of one decade of the meter scale. and
109 are the major division marks. The integers

\‘—-—I.omo"
\ guigg between them are also marked, with the 5 line made
\\ x|

7 x 108 longer and heavier for qulck Identification. The
© & w108 other decades are read in a simllar manner,
5 wio®
2 4 wiod
Axlod
2 %108
FIGURE 510-3 | %108

IIT - 2
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SECTION IV MAINTENANCE

A, QGeneral

The Keithley Model 510 Megohmmeter has been designed to give long,
trouble-free service. High quality components have been used throughout,

DR 11504-C, pege IV-2, is the detailed circuit schematic diagram of
the Model 510, The circuit operation was discussed in Section II,
DESCRIPTION.

Maintenance Adjustment is RU41L, which sets the 500 volt test potential,
As discussed in Section IL, small variations from 500 volts do not affect
the calibration of the Model 510; but for proper functioning of the power
supply, it should be set within about 5% of 500 volts. To readjust
the test potential with R41l, connsct a high impedance voltmeter {20,000
ohms per volt) from Guard to Ground, set the Calibrate-Test Potentlal
switch to 500 volis and the Test switch to TEST. Adjust RL1Ll for 500 volts
test potential,

Resetting R41l is not necessary under normal clrcumstances, even though
the tubes in the regulator have been changed, but it should be checked after
a tube change.

The tubes used in the V2 and V3 positions are selected, matched and
labelled EV-5886-5 and EV-5886-6 respectively. Replacements are sold in
pairs only. The tube used at V1 is nol selected.

When inspecting or replacing the electrometer tubes, the glass base
ghould not be touched with the hands, because the dirt and moisture will
cause leakage from the grid to the other electrodes. Also, when soldering
high impedance conductors to the teflon standoffs, care should be teken to
keep the teflon clean, '

All wvacuum tubes, other than the 5886's are conventional, and selection
of replacements is nol necessary.

Calibrate - Test Potential Switch and RE1l should be inspected period-
lcally, and any dust which has accumulated on the insulation should be re-
moved by brushing with & camel's hair brush.

Servicing. DR 11698-C, page IV-3, shows the tube layout. Included
are the voltage and resistance measurements which may be made at eac
tube element under specified conditions. : :

Iv -1



2-pOstl dﬁﬁmm&.. _ #3en

OGS Y EAZRD
ONPSLNIWNZELAS NG ATTHLIEH

WY2OWI JUYWIHIG LInJdiD

SINYOSSIIW GNY
HILTWWHOSIW OIS TIACN

NOILISOd BDWYHDOSIA
Ml BOLIMC  BOEYMDTKT
-3SMYHI-LED | ANV NOIL
-S04 fmoA-s NI HILMS
2T LNTAGHE LSS5,
Hil M WALA WHODEW-O
HAvA Q3JNSYIW IAY
() NMORS SIATYLTON

@

BOAHL MMCHS Say SLNIW
“en(ay AZ/MEAMEAEDS

O

TEOHL MRMOHS
F[EY S0ALNOD 1INV
CEWHOD AW =W
SWHQ DO =M T 234G
BSMETIHALO SSITHN SWHO
NI SSOYA 30iS153d
‘A3 41DELS TIMAZIHLOQ
S5 SAYHEYAORTIWN
Ni S3INTIVA BOLIDVAVD
TSALOMN

BONVHD

N H3S

anssi

s
6-5% stid BASLA [T sa309 b |
- SLIOA S
Sl y3LawW ¢ e -Se SMa 'gA = O
24T-NC
T MS,
(o817 ) ~ Mcmg
_ 2 =
- W » N... M-Dag Iml_u
» o 2 Y
Ny 22 L | % 2
S 8 al £ og
o A —_— e
* s K £ B Hew2
» £ 8 x
g ol gl =
w & (IR - ow> T Jigans
m T — ;
n ]
2l 2|8 ’ M 3
F o
E 2 — z A s fl
= 20" -
@ bR )] BT wory ,...u. m nomvw. HOOZ-POrY _..u : o 1
= 5 % 2 ‘LY ; == r
Rga 30 B 1B ew | ] et LRaddiedl ) owsTa nZ3
&= =4 ;e iova el NS
oe srid 'SA wrazZi-9h .
65 SNId "FA Eamj...ww
H a9 =" i
SwASZIS L
) _ _..uh... )
OOL-2Cl FaRY
v " d el = | ixas
_).@EL.I 1 Hos O Py
oo o = ooy |
i 1eld o0 ™D w s LA
viooz @ _ ’ =" ke
s €MS YHILIMS ; e i
-+ ,_cui.zE,_nm_ba 1S3t umm.‘,.m.wm_h | A T Me
o [ o =
Ll
© _ ~ +
= i ~ T zpd
& ol
' ' g oL
e M x ozra
@ pe =
A 3
@ ’ h
N n
[C4 WW
= b
o = %)
3 ! ALyl
= i i
IIIIIIIIIIIIIIIIIIIIII | ASIE-FN-ASY
NONNYI
zﬁv{.m.&-.v?!wu NONMNYDY S1 JQULISNNGD
"NOLLISOd 35010 -U3A0D
oIS TAA0OW N NMOHS ¥ MS oS 1300w

||1.~.|

GRVND)|

o vYimg

ANS IH




> 96911 ¥4 |

(AT

Q

{ooL)

T -
o) A

AOM_C ._.OQ

m.N.v Dmm.

£5, 2
Ik Z
2 o) O
35 g mﬁﬂ%ﬁ% by e &
£Ve 2z Wz S 4
S z Qi) wol) v
) wwm : o o &%
o @ % a3
< wu% <
n T )
m 23y o a3d
ald 3 <
» Z2¢ % o
S abko g i
& = &
z o = - &
< ob< ¥ 3
_.rm FOLE < 5
@ zhE *
e w32 ol
ul ETQ wM {
x 2uf z
[a) TNE o ¥
Zz =£° T2
< 5. 83
I .. 8g
£23 wi
ul N8 wY
U] _ﬁn_n Mm
¥
2 ozng 8=
Ho2L_ Z5
-
hVu w=3 wm
3s% w¢
H "
S5 I
=gk <y
w7
Mu__l., W
Sw Q




REFLACEABLE PARTS LIST - MCDEL 510
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“Circuit Part
Desig. Dascription No,
€10l Capacitor, electrolytic, tubular, 1000 n@d,‘IEV. C1L-1000
€102 Capacitor, ceremic disc, .02 mfd, 600V, ¢22-.02
CLOL Capacitor, oil, 1.0 mfd. (supplied with T1) -
cho2 Cepacitor, tubular, electrolytic, 30 mfa, 450V c8-30
clo3 Same a8 CLoO2 -
chol Same as CLO2 -
cLo5 Capacitor, molded paper, 0.1 mfd, 600V €2-0.1
chob Capacitor, tubular, electrolytic, 40 mfd, 250V ca7-4o
cho7 Same &8 CLO6 -
cho8 Same as CLO6 -
ch09 Capacitor, tubular, electrolytic, 150 mfd, 150V, Cé3-l50
ChlLE: Same as CL06 -
chll Same &8s ChO5 -
ch12 Capacitor, tubwlar, electrolytic, b mfd, 600V. €351
Fl Fuse, 1.5 amp. 3AG ¥U 8
M Pansl meter, 0-200 microamp ME 9
RL01 Resistor, composition, 22K, 10%, W RL-22K

| R102 Resistor, deposited carbon, 50 ohm, 1%, W R12-50
R103 Resistor, deposited carbon, 150 ohm, R12-150
RLON Resistor, deposited carbon, 2K, 1%, 3 R12-2K
R105 Resistor, deposited carbon, 300 ohm, 1%, 3W R12-300
R106 Potentiometer, composition, 1K RP13-1K
RLOT Registor, composition, 22M, 10% RL-22M
R108 Resistor, deposited carbon, 250 ohm, 1%, %w R12.250
R109 Resistor, deposited carbon, 10M, 1%, W R13.-10M
RL10 Resistor, wirewound, 12.5K, 3%, TW R7-12,5K
W .k




REPLACEABLE PARTS LIST - MODEL 510

- Circuit Part _4
Desig. Deseription No.
RL11 Same as R110 -
RLl12 Same as R109 -
R113 Resistor, deposited carbon, 200 ohm, 1%, W R12-200
R11k Same as R113 -
R115 Potentiometer, compesiticn, 200 ohm RP13-200
R116 Resistor, deposited carbon, 4.3K, 1%, v R12-4,3K
R117 Same as RLOk -
K118 Resistor, deposited carbon, 60K, 1%, #W R12-60K
RL19 Same as R118 -
R120 Resistor, deposited carbon, 1.5M, 1%, 3W R12-1.5M
R121 Resistor, deposited carbon, 4.USM 1%, W RL2 L hoM
R122 Resistor, deposited carbon, 200K, 1%, R12-200K
R123 Resistor, deposited carbon, TOK, 1%, W R12-70K
Ri2k Same as R106 -
R125 Resistor, deposited carbon, 5K, 1%, 3 R12.-5K
R126 Resistor, deposited carbon, 250 ohm, 4%, %W R12-250
R127 Resistor, deposited carbon, LTX, 1%, 3W R12.47K
R128 Same as RLO9 -
R129 Resistor, hi-meg, 10%* chms R20-101+
R130 Resistor, deposited carbon, 1K, 1%, W R12.1K
R131 Resistor, deposited carbon, 50K, 1%, 1W R13-50K
R132 Sams as R115 -
R4OL Resistor, composition, 680 ohm, 10%, W RL-680
R402 Resistor, composition, 220K, 10¢%, 1V R2-220K
RLO3 Same as RkO0Z

510
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FEPLACEABLE PARTS LIST - MODEL 510

Circuit Part
Desig. _ Descrintion No,
RUO4 Resistor, deposited carbon, 200K, 1%, W R12-200K
RLOS Same as RUOk -
Rhob Resistor, wirewound, 80K, 1%, 10W R30-80K
RLOT Resistor, deposited cearbon, LTOK, 1%, W R12-470K
RLOSB Same as RLOT -
RhoOg Resistor, deposited cerbon, 60K, 1%, W R12-60K
R410 Resistor, deposited carbon, 390K, 1%, 2V R12.390K
RLLL Potentiometer, composition, 100K RP1L2-100K]
Rhi2 Resistor, deposlted carbon, 1K, 1%, IW R13-1K
R413 Resistor, deposited cerbon, 9K, 1%, 1W RL3-9K
Rh1l Resistor, deposited carbon, 10K, 1%, 1V R13-10K
RE15 Sems as RLOG -
Rh16 Resistor, composition, 470 chm, 10%, W R1-470
RWLT Same as R416 -
R418 Resistor, composition, 100 chm, 10%, 2W - R1-100
R419 Resistor, wirsewound, 1250 chm, %%, 5W R4 -1250
Rk20 Same as RLL6 -
Ry21 Sams as R419 -
Rha2 Rosistor, composition, 100K, 10%, 2W R3-100K
REL Relay, special RELIM
SR1 Rectifier, selenium bridge RF 6
SR2-8R9 Rectifier, selenium, 130V, 65 ma printed circuilt style RF10
SR10 Rectifier, selenium, 130V, 65 ma | Rr8

SRLL Silicon alloy diode, Pacific Semiconductor #PS695 RF1.3

5Wl SPST Bat Handle toggle switch SW.1h

-6



REPLACEABLE PARTS LIST - MODEL 510

Circult Part
- Desig. Description No,
I swe DEDT Bet Handle toggle switch (center off) EW-h2
| SW3 3 pole, 5 position rotary switch, special SW-39
71 Power transformer, Sola 71354 (includes CHOL) TR17
T2 Power transformor Stancor PS8LLE TR20
vl Vacuum tube, type 5886 EV-5886
B | e i e e e i
V4 Vacuun tube, type 12AV7 EV-12AU7
V5 Vacuum tube, type 6Ch EV-6Ch
V6 Vacuunm tube, type 12BLA EV-128LA
v Vacuum tubs, type 124XT BV -12AXT
V8 Vacuum tube, typo 0G3 EV-0G3
V9 Same as V7 -
Input connector, 5 conductor, Cennon RSK.UL-31SL ¢s-26
P8

Pilot lamp, #51 (two per instrument)

510
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APPENDIX

Section i Accessories

Model 51036 Test Leads consist of a 36 inch double shielded cable,

a 36 inch ground leed and a connsctor which mates with the Model 510
input connector. Tho leads are terminated with alligator clips.

Use of the Model 51036 is described in Section ii, Component Measure-
ments.

Modsl 5101 Component Adapter is a shielded enclosure to be used with
the Modsl 510 when testing resistors, capacitors and cther small
parts. It is designed to attach directly to the Model 510 Megohm-
moter, See Bection ii, Component Measursments,

Model 5102 Volume Resistivily Adapter is a shielded enclosure, exter-
nally simiiar to Model 510L. 1t has e set of electrodss which facili
tate making volume resistivity measurements and is fully described

in Bection 11, Volume Resietivity.

Models 5102k and 51060 Cables are used with either of the above
adapteors when it is desirable to separete tho adapter from the
Model 510. The cables are 24 and 36 inches long, respectively.
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Section 11 Measuring Technique

INTRODUCTION

The American Socilsty for Testing Materials has prepared a booklet,
D257-54T, "Tentative Methods of Test for Electrical Resistance of
Insulating Materials," which describes the procedures for measuring
the important parameters of insulating materials. A reprint is
included as a part of this inatruction book.

The Model 510 with its accessories is an excellent instrument for
making the tests, and the following paragraphs will describe testing
procedures in detail, with special emphasis on the precautions neces-
sary to obtain accurate measurements of the very high resistances
which the extreme sensitivity of the Model 510 permits.

Three major difficulties are encountered in measuring extremely high
resistances., They are: a) 60 cps pickup by the high impedance con-
ductors; b) spurious current leakages; and ¢) charges and currents
gonerated by sliding or deforming the insulating sample.

60 cps pickup is eliminated by shielding the input, test circuit con-
ductors, and the specimen, ag in the Models 5101 and 5102 adapters;

or by using a capacitor across the micre-microammeter as in the special
case of the Model 5L036 Test Leads.

Spurious current leakage is avoided by using excellent insulation ma-
terial, such as teflon or polyethylene, in the test leads and fixtures,
and by guarding all leskage paths,

The spurious charges, or "static electricity,” cen be avoided by handling
the test sample as little as possible before measuring it., A 200 foot

plece of polyethylene coaxial cable, for example, can lose charges at the
rete of 10~k ampere for several hours after it has been flexed moderately.

Electbrification time, voltage and temperature coefficients, and moisture
or solvent content are also important considerations when measuring insu~
lation resistance.

SPEED OF INDICATION

The measurement of the leakage resistance of capacitors with the Model %10
involves long times when the prodiuct of the resistance and capacitence is
large. The capacitor is charged quickly to the test potential by the
Test-Charge -Discharges switch, bringing the reading on scale, but reading
equilibrium is often a slow process. The following empirical expression
gives T, the time in seconds for the 510 to read within 10% of the final
resistance value:

T E% vhere R 18 the leakage resistance in ohus

¢ 18 the capacitance in ferads
E iz the test potential in volts

g - 1
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Faster response can be obtained by using a battery to furnish the test
potential, and Keithley Models 200B and 2008 combination to read the
leakage current, Using the 200B on the 0.008 volt range permits the
lowest practicel shunt resistor in the 2008, which is substantially
smaller than the effective diode resistance in the Model 510 et equi-
librium,

As an example, consider the measuremsnt of a 5000 mmf capacitor with a
leakage resistence of 1013 ohms. _The 510 with 50 volts applied to ths
gample will read within 10% of 10%3 in about 4 minutes, The 2008, using
the .008 volt renge, with a 107 ohm shunt end 50 volt supply will read
within 10% of final current in about 12 seconds,

COMPONENT MEASUREMENTS

Measuring with Model 51036 Test Leads: Ths Modol 510 is shipped with
the Model %1036 Test Leadg for general purpose use. Thsso leads are
intended for measuring unshielded objectse such as vesistors, insulating
terminals, ard thas coil-to-coil and coil-to-frame insulation of motors
of ‘traneformers,

The Test-Lfharze-Discharge switch ghould b in the Discharge position when
changing specimens, otherwise the test potential eppears acrosdg the alli-
gaetor clips. This is particularly danpgerous vhen testing cepacitors at
500 volts,

When measuring ceracitors, the ewitch shouwld remain in the Charge position
long enough to assure that the capacitor 1s completely charged before mov-
ing the switch to the Test position.

The effects of 60 cpe pickup by the specimen are eliminated by a 500 wmaf
capacitor localed in the conmnector housing and comnected ac¢ross the input
of ‘the micro-microammeter. Because of the capacitor, however, the response
of tho amplifier and meter are slowed. TFor iustance, to read 90% of final
value in_ 2.5 seconis, one may measure 10‘“ unes using 5 volts test polsi-
tial, 10%2 ohms with 50 volts, aad 10%3 ohms with 500 volts. Higher read-
ings require proportionately longer timea. For fast measuremsnt of high
resistances, the object being measured must be shielded from 60 cpe pick-
up, and the micro-microammeter not slowed with a capacitor.

The detailed steps of lining-up and making measurements with the Model 510

. were given in Section III, OPERATION,

Measuring with the Model 5101 Component Adapter: The Keithley Model 5101
Component Adapter is a convenlsent shieided enclosure for holding electronic
components, such as resistors or capacitors, while their registance is being
meagured. It counechts dirsctly to the Model 510, Ths circuit schematic
diagram is given on DR 11504-C, the main diagram for the Model 510.

For most components, the most convenient comnections are two spring clips
on banana plugs (Grayhill #2.1), one plugged into GND and the other into
HI. The component leads slip easily into the springs which hold the com-
ponent from touching the box or the relatively low resistance insulation.
Two clips are furnishsd with esach 5101 Adapter.




Closing the 11d of the box operates switch SWl., One section ungrounds
the Guard circuit, and the other operates relay Rl in the Megohmmeter,
which opens the Input to the micro-microamweter.

Opening and closing the 1lid performs all the necessary switching when
changing samples.

VOLUME RESISTIVITY:

Volume resistivity is determined by measuring the resistance of an insula-
tion sample, as described in the ASTM Specification Section 4 (b), and
reducing the geometry to an equivalent cube, as shown in Section 9 of the
Specification. Fig, 4 shows the most popular electrode conflguration
whose dimenesions are usually measured in centimeters, glving the volume
regiativity in ohm-centimeters,

= 71 gD [ — — ™ 7 7/ 7
p Lo L - 2

= Fig., 5L0~5 ig a simplified diagran
= 0 of the Models 510 and 5102 for
l - L | GUARD | L_lj —— ? measguring volume reslstance with

!
i
I

| I | o [ thig type of electrodes,
] (:i) [ W I
i I

l
ook 510 L. __MODELSIOZ _ |
FIGURE 510-5

The Keithley Model 5102 Volume Resistivity Adapter provides the desired
slectrode configuration in a shielded box which can be commnected directly

to the Model 510. Graphite, or aquadag, or silver conducting palnt elect-
rode patterns should be painted or stencilled on the surfaces, as described
in the ASTM Specification. The electrode dimensione of the Model 5102 are
glven below.

-

The converseion of the resistance read-
ing of a pample into resistivity umits

is given by
) TOP o
ELECTRODE P=2 DR
(GROUND) t
where P = resistivity in chm~centimsters

D = center electrode diameter in
Inches

t = sample thickness in inches

R = resistance reading in ohms

CENTER The electrode structure in the Model

[\p! CONDUCTOR 5102 1is designed to be ueed with a center
electrode dlameter of two inches. For
this case,

P = B R ochm-centimeters
t

ELecTrODE DiMENSions Maobe SI072

WNOTE : MaximUM SAMPLE THICKNESS 15 ZL INCH.
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While the diamster of the specimen is set by electrode structure, any
thickness of sample up to % inch may be tested.

/ HI
- i TEFLON INSULATION  pig  570-6 shows a holder for
p; 5‘”““: nll= ] ,/ - MeTaL grinse large rigld specimens which are
[|‘—L5_| ~ Ui not suited to the Model 5102.
g I | B ALty Wi A epring is used on the end of
i | - 7 g rod to make the connections.
W - |- eamren Note that the high impedance
o 1 " ELECTRODES : P
¢ é ‘/,/1:1 v conductor is well guarded.
0 . - ) "‘“’“fj " || ——sPECIMiN
EP 5 47- 7 | gﬁr;g&@g If the specimen has a9resist%%ce
5 CONTAETING . greater than about 107 or 10
tGHOUND PROJECTIONS METAL FOUNOATION  ohms, the test fixture should be

FIGURE 510-6 ineslde a grounded enclosure to
prevent 60 cps pickup by the HI conductor,

The Keithley Model 5101 Componont Adapter makes a convenient encloser for
measuring small rigid samples, A table can be plugged into the grouwnd Jack,
and springs which contact the HI and Guard electrodes can be connected to
plugs which are inserted into the HI and Guard Jacks.

GUARD o0

SPRECIME H
\:Tsé‘fé"éﬂes vl ML an e Fig. 510-7 is a dia-

e ]

- é . sprine gram of the Model
METAL TADLE~—= s : WiRES ~— | panany 210 used in this

CN A BANANA Ly .
ponn ! : - pwg Tashlon
[w) Hi =Y =)
GROUND § I

CONMNECTOR
‘: FIGURE 510-7
Measuring Volume Resistivity using the Model 5101 Component Adapter.
If temperature coefficients of resistance or the high temperature perform-

ance of insulating material are of interest, the specimen and holder are
mounted in an oven.

For temperatures up to aboul 120°F , the Model 5101 or 5102 adapters are

sultable., Accesgory-cables Models 5102k or 51060 are available for con-
necting between the Models 510 and the adapter.

CERAMIC
MODEL [I . T ETANDOFF - OVEN WALL
BI0 | ﬁ GND INSULATORS
- ASBESTOS
PINS 2,3 ' || mevas post d J PLATE
1/ TEFLON COAX
H1 Vd _/500-voLT - CONNECTOR
INSULATION | )

Wzzzzzzvzzzzziiid e I

5

JUMPERED
TO OPERATE
RE1

[ ven O ow il
TEFLON INSULATED COARIAL CADLE ﬁ o,
FIGURE 510-9 ) -
TEST
Above 120°F, a special fixture is required, designed to F X TURE

withstand the heat., ¥ig. 510-8 shows such a Pixture in

an oven connected to the Model 510. The insulation in .

the fixture is ceramic or teflon, and the connecting FIGURE 510-¢
cable uses teflon insulation, because polyethylene

softens at elevated temperatures.
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SHEET OF
INSULATING

MATERIAL —7

TARBLE ————————

The Guard and HI electrodes must be mounted so that at operating temperabures
they are In the same plane.

Pig., 510-8 shows the connecting cables passing directly through holes in the
oven walls. If it 1s desired to mount commectors in the oven walls, Fig,
510-9 shows the details of a typilical installation., Teflon Insulated con-
nectors, such as MIL Type 0-239A should be used, The shell of the HI lead
connector which is operated at Guard potential must be insulated electrical-
ly from the oven wall which should be at Ground. Some protection must be
provided for the operator, because the exposed parts of the plug cen be

500 volte below ground.

The metal housing of an oven generally mekes a good shield against 60 cps
pickup, and should be connected to ground, Difficulties may arise through
plckup of the 60 cps voltages from exposed conductors or heating colls and
from door hinges which are not conducting and tend to Insulate the door
from the cabinet. In most cases, no shielding in addition to the grounded
metal oven and shelves ig necessary.

One of the constituents of teflon 1s fluorine. At room temperature, teflon
is chemically stable, but when elevated above about 500°F., it glves off
toxic fumes, Great cars should be taken when using teflon cables in ovens
or near heating elements,

—+—PlGTAIL

Figure 510~10 illustrates a
BAHANA variation of the guarded elec-
PLUG
K:- trode commection for measuring
H1 volume resistivity of these
BH-—- sheets, or for qulick compari-
sione of resistances belween
sheets, Here, the surface
leakage path is very long,
and, with materials which are known to have good surface propertles, the
purface resistance is much higher than the volume resistance. The weight
18 chosen large enough and heavy enough to give consistent measurements.

B St vy TR F R 2 g s

i |

10
Céuﬁ%jsnouun

FIGURE 510-10

The Model 5101 Component Adapter makes a convenient shielded enclosure for
these measurements, A metal plate fastened to a hanana plug slipped into
the GND jJack is a convenient measuring table., The weight is connected by
a short pigtail to a banana plug slipped into the HI terminal. There 1s
no Guard connection, and the pigtail from the high terminal to the weight
must not touch anything.

A source of serlous error in measuring the volume resistivitiles of the
betber insulators is conductivity between the HI and Guard conductors,

both on the surface of the sample itself and in the connectlons to the
megohmeter input. This provides a current path in addition to the micro-
microammeter of the megohmmeter, causing the meter to read an erronsously
low resistance, -
For example using the 5 volt test potential, the desired current when read-
ing 10%3 ohms falls through a potential field of sbout 6.5 volts, whereas
the undesgired current from guard to input falls through a field of 1.5
volte, Thus, with equal currents, desired and undesired, the leskage
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reslstance from guard to high could he

%:g X 1073 = 2.3 x 10° ohus.

Por the undesired current to cause less than 10§ error would require a .
leskage resistance higher than 2.3 x 1013 ohms between high snd guard.

On the 50 volt test potential, the test current source 1s abhout 51 volts
and the leakage current source im 8till about 12 volte, so that now the
leakage resistance may be 2.4 x 1012 ohms for less than 10% error.

Similariy, on the 500 volt test potential, the leakage reslstance may be
2.4 x 1011,

In short, then, if surface leakage is a problem, the best resultes will be
obtained at the highest test potential. Thie ig because wlth virtually
constant undesired current, the relative error is less with higher values
of actual test current,

This error may occur particularly in the case of a glass plate on which
eleclrodes are applied by vacuum depositing metal films. The volume re-
pigtance of the plate is very high, but the narrow surface betwsen the
electrode is easlily contaminated by the water vapor from the alr, or by
wvater filme, oll fllms and salts resulting from fingerprints,

Similar problems can arise I1f the graphite used In making an electrode on
a sample is streaked across the gap to the Guard, or 1f the sample is put
on the rings of the volume resiptivity holder so that it is poorly centered,
and the HI and Guard are nearly short circuited by the central electrode,

MEASURING WITH TEST LEADS TO A SHTRLDED BNCLOSURE

When resistance greater than those practical with the Model 51036 Test
Ieads are to be measured, test connections without the added capacltance
acrosg the micro-microammeter section must be used, Bult the leads and the
test object muet then be thoroughly shielded against 60 cps plckup. The
Keithley Mcdel 5101 Component Adapter
= 7 777 [ 7 7 7 77 1s a convenient completely shielded
! accepgory for holding small objects,
| ‘ l -For larger objects, specially build
shislded enclosures 1s necesaary, and
'I the connection to the Megohmmeter must
be made with guarded cable. Fig. 510~11
I showe an enclosure made wlth copper

I % {} Yo screening, and connections made to the
A oesve| Megohmmeter with double shielded cable.
GUARD The cable and connector can be obtained
MODEL Sto | from Keithley Instruments, Inc., on
INPUT special order.
CONNECTION l
SHIELOED ENCLOSURE |
OF COPRePEn SCREEN—-—-—’-L _’

FIGURE 310-11
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USE OF OTHER THAN STANDARD TEST POTENLTALS

The occaslon may arise when it 1 necessary to measure resistance with a volt-
age other than 5, 50 or 500, Although not recommended because of the precau-
tiong involved such measurements can be made,

As indicated in Section II -~ DESCRIPTION, the Model 510 comprises a voltage
pource and micro-microammster in series., If additional voltage 1s used,
then, it must be connected in series with the tesl sample and a suitable
factor applied to the resistesnce reading obtained. Fig. 510-12 ghows the
connection to be used.

=== [ 7
i Hi bEl True reslistance 1s found by multiplying
i i | | the roading by E, + B.
TE,
% SAMPLE i : | 1
GQUARD
| - | Thue, in testing with an external L4500
E, — | volt source with the Model 510 on its
grouno | T, 500 volt test potentisl, the actual
E | | resletance 1s ten times the value Indi-
2 cated by the 510 alone.

!
++ - . MODEL When using this errangement the following

EXTERNAL SOURCE o points should be noted:
FIGURE 510-12

1., Guard potential 1s avallable and useful as Indicated previocusly for
guarding the HI lead and for driving any guard rings which may be
employed.

2., The sample is above ground by the potential E,-and care must be exer-
cised in handling samples. The &ischarge switch cenmnot discharge the
pample except for the contribubtlion of Ey.

3. All previous commsnts regarding shielding against stray 60 cps pickup
apply. .

L, Ep must be a very stable source if the reading is tc be valid., A
battery is preferable in wmost cases especlally if the test sample is
capacitative,

5, Measurement speed, discussed in Section IV B, is calculated as indlcated
with the "E" in the equation being Ej + Fa. .

6. Do not use the 5 volt range on the 510 for thils test. At low test poten-
tiale inaccuracies occur which have been compensated on the 5 volt range.
To use a large voltage externally but to compensate as 1f a low voltage
were being uged will give erroneous results.

7. If there is danger of the sample's breaking down and applying external
test voltage to the Model 510, separate means should be employed to
1imit the Input current to about one milliampere. Thug, with an ex-
ternal 5000 volt supply, a 5 megohm reslstor should be used in series
with the HI lead, Needless to say, the resistor must be capable of
withstanding 5000 volts or it, too, would break down and afford no
protection to the Model 510,

a ~ 7
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CHANGE NOTICE
May 29, 1968 MODEL 605 NEGATIVE CAPACITANCE ELECTROMETER

Page 23, Change to the following:

Circuit Mfg. Mfg. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref,
Ri17 499 ¢ Y%, 1/2 w DCb 91637 DCF-1/2 R12-499 -
R118 499 ¢ 1%, /2w DCb 91637 DCF-1/2 R12-499 7
R119 499 ¢ 1%, /2 w DCh 91637 DCF-1/2 R12-499 7
R120 499 ¢ 1%, /2 w DCb 91637 DCF-1/2 R12-499 7
R121 499 o 1%, 1/2 w DCb 91637 DCF-1/2 R12-499 7
R122 499 1%, 1/2 w DCb 91637 DCF-1/2 R12-499 7

Page 24, Change to the following:

Circuit ’ Mfg. Mfg, Keithley Fig,
Desig. Value Rating Type Code Part No. Part No. Ref.
R123 499 ¢ 1%, 1/2 w DCb 91637 DCF-1/2 R12-499 7
R124 499 q 1%, 1/2 w DCb 91637 DCF-1/2 R12-499 7
R125 499 ¢ 1%, 1/2 w DCb 91637 DCF-1/2 R12-499 7
R126 499 ¢ 1%, 1/2 w DCb 91637 DCF-1/2 R12-499 7
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